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Influence of hydrolysis temperature on the 
hydrolysis products of aluminium alkoxides 

R. I. ZAKHARCHENYA,  T. N. VASILEVSKAYA 
A. F. Ioffe Physico-Technical Institute, Russia 

The influence of hydrolysis on the hydrolytic polycondensation of aluminium alkoxides was 
studied. Two mechanisms of hydrolysis which give two different products are proposed for 
this process. Structural transformations of the resultant condensates, i.e. boehmite, 
(y-AIOOH), the product of hot-water hydrolysis, and gibbsite Ai (OH)3, the product of cold 
water hydrolysis, have been investigated in temperature range 20-1 300 ~ An explanation. 
was offered for the variations in the a-AI20 3 transformations of the condensate produced by 
room temperature hydrolysis. 

1. Introduction 
Physicochemical studies of sol-gel conversion are of 
great interest due to the importance of the process in 
modern technology. In these processes, particular at- 
tention is paid to the reaction in which the reagents 
are metal alkoxides. Recent publications have been 
devoted to the selection of suitable solvents and re- 
agents, discussion of the mechanism and kinetics of 
the hydrolysis process, electrolytic behaviour of the 
sol, and sintering of gels into final ceramic products. A 
complete review devoted to the physicochemical study 
of metal alkoxide based sol-gel process has recently 
been published [t].  Despite the abundance of works 
devoted to silicon alkoxide hydrolysis, only a few 
works deal with the hydrolytic polycondensation of 
aluminium alkoxides [2-4]. 

In this work the influence of temperature was stud- 
ied on the hydrolysis of the aluminium alkoxides A1 
(OR)3 with bulky alkyl groups (R) where R = Pr i, Bu s, 
Bu t . The reaction products have been investigated by 
X-ray powder diffraction (XRD) and differential ther- 
mal analysis (DTA) techniques. 

These studies were prompted by observations of the 
unreproducibility of the thermal effect (which may be 
exo- or endo-, or without thermal effect) under 
r 3 transformation of the hydrolysis product 
obtained by room-temperature hydrolysis of the alk- 
oxides. It is technologically important to determine 
the origin of this unreproducibility, especially as this 
does not occur when the hydrolysis is performed at 
80 ~ 

2. Experimental procedure 
To determine the effect of temperature on the com- 

position of the hydrolysis products, high-purity al- 
uminium isopropoxide, secondary and tertiary alumi- 
nium butoxides were used. The hydrolysis was carried 
out with bidistilled and deionized water. The alkoxide: 
water molar ratio was kept at 1 : 100 in all cases. The 
precipitates obtained were not peptized. These meas- 
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ures were taken to diminish the role of impurities in 
the aluminium hydroxide and alurninium oxide struc- 
tures during the sol-gel and calcination processes. 

The, precipitates obtained by hydrolysis of the alu- 
minium alkoxides (AI (OC3H~)3, A1 (OC4H~)3 and A1 
( O C 4 H ~ )  3 under temperature ranges 80-100, 20 4- 
5 and 0-5 ~ were washed out from the alcohol. At the 
end of this procedure, precipitates were dried in the 
presence of CaClz at temperatures corresponding to 
the hydrolysis temperatures. The precipitates dried in 
this way were then heated at 5 ~ rain -1 to 1300 ~ in 
air. Samples for XRD analysis were taken in the 
20-1300 ~ interval at 50 ~ steps. 

3. Results and discussion 
Structural investigations performed using XRD are 
presented in Figs I-3. This series of three X-ray pat- 
terns shows the systematic influence of hydrolysis 
temperature on the initial composition of hydrolysis 
products, as well as c~-AlaO 3 transformations on heat- 
ing. The XRD measurements were Carried out at 20  
10-90 ~ using CuK~ (X = 1.54) radiation from powders 
pressed on a PMMA base. Tables I and II give the 
relative intensities (/i/ira,x) and calculated d-spacing 
I-5] for the products of hydrolysis at 80-100 ~ and 
0-5 ~ 

These results show that aluminium monohydroxide 
(boehmite) resulting from hot-water hydrolysis ;ap- 
pears to be unique stable phase, as previously found 
by Yoldas [2]. As seen in pattern 1 of Fig. 1, the 
number and positions of the XRD peaks of this phase 
are in accord with the data published in [6]. It should 
be noted that all the Bragg reflections are more intense 
than the standard data. This fact demonstrates that 
boehmite exists here in the well-crystallized state. A 
small shift of the most intensive peak with 
d = 0.630-0.632 nm in the boehmite crystal frame, in 
the 80-150~ temperature range, may be explained 
by the presence of large numbers of water molecules 
localized between layers of the octahedra [A106] from 
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Figure l Series of XRD patterns indicating consequence of boeh- 
mite [-hydrolysis product of the aluminium alkoxides by hot-water 
(80-100 ~ phase transformations into corundum under heating: 
1, pseudoboehmite (80-100 ~ 2, boehmite (150-400~ 3, tran- 
sition state (450-550~ 4, 3'-A12Oa (550-850~ 5, 8-A12Oa 
(900-950~ 6, | 3 and ~x-A120~ ~) (1000-1150~ 7, 
ot-Al20 s . 

which the boehmite lattice is built. This excess water 
leads to the distortion of the boehmite structure. This 
structure (with d = 0.630-0.670nm) has been de- 
scribed as "pseudoboehmite" [7]. After heating at 
200 ~ the peak position with 0.614 nm strictly cor- 
responds to the boehmite form (pattern 2). 

Curve (1) of Fig. 4 represents the differential ther- 
mal analysis (DTA) data of boehmite. The first endo- 
thermic effect at curve DTA-1 with a minimum at 
125 ~ corresponds to the drying process that is ac- 
companied by the removal of all adsorbed water 
molecules from the porous space of the boehmite 
lattice. The temperature interval of this effect is 
70-150 ~ The weight losses during this process are 
about 12-30%. This value characterizes the large 
specific surface of the 7-A1OOH. The boehmite speci- 
fic surface can vary from 80 up to 350 m 2 g - 1 depend- 
ing on hydrolysis conditions. The second endothermic 
effect (425-550 ~ with a minimum at about 500 ~ 
appears in curve DTA-1 as a single slightly asymmet- 
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Figure 2 Series of XRD patterns indicating the phase composition 
of the hydrolysis product obtained from aluminium alkoxides under 
hydrolysis at room temperature (20 + 5 ~ and the polymorphous 
transformations into corundum of the product under heating up to 
1300~ 1, A1 (OH)(al); AIOOH (2) and 7-AlzO~ 3) (20-150~ 2, 
transition state (200-500 ~ 3, ~,-A120 s (500-900 ~ 4, 8-A12Os 
(950-1000~ 5, 0-AI20 s (1050-1100~ 6, a-A1203 and 
O-A120 3 (l 150 ~ Peak intensities of the 0-alumina phase are 10% 
less those of =t-alurnina phase. 7, a-A12Os and 0-AI20 a (1200 ~ 8, 
r162 s (1250 ~ 

ric broad band corresponding to the boehmite trans- 
formation into 7-AlzO 3. The weight loss during this 
process is about 13.2%. This value is slightly smaller 
than that corresponding to the reaction: 

2y-A1OOH-+ A120 s + H20 (1) 

However the loss of the remaining water molecules 
(about 2%) cannot be registered reliably up to the 
ultimate temperature of 1300~ Thus the present 
results concerning hot water hydrolysis of the alumi- 
nium alkoxides coincide with those described in [2 
and 33, and differ from data for ambient water hy- 
drolysis [73. It has been shown by electron micro- 
scopic methods [3, 8] that aluminium alkoxide hy- 
drolysis performed at room temperature gives an 
amorphous monohydroxide which, with time, trans- 
forms to crystalline aluminium trihydroxide A1 (OFI)a 
in the bayerite form 1-23. 
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Figure 3 Series of XRD patterns indicating the gibbsite (hydrolysis 
product of aluminium alkoxides at 0-5 ~ phase transformations 
into corundum under heating: 1, gibbsite-Al(OH)3 (0-5 ~ 2, 
bayerite-y-A1 (OH)3 (50-300 ~ 3, transition state (350-400 ~ 4, 
7-A120~ (450-950 ~ 5, 5-A1203 (1000-1100 ~ 6, 0-A1203 and 
o~-A120~3 i) (1150-1250 ~ 7, ~-AI203 (1300 ~ 

Results concerning the phase composition 'of the 
products of aluminium alkoxide hydrolysis performed 
at room temperature are shown in Fig. 2. It can be 
seen that there are several phases in the hydrolysis 
product in this case. Sharp, strong peaks belong to the 
crystalline phase of A1 (OH)a in the gibbsite form. The 
broad reflections in the same pattern belonging to the 
other phase can be ascribed to pseudoboehmite, which 
exists (judging by the peak shape) in an amorphous 
state. The XRD pattern of the well-crystallized boeh- 
mite 7-A1OOH, is depicted in Fig. 2 by the dashed 
line. In this precipitate there is another phase which 
becomes predominant at temperatures just above 
200 ~ This phase corresponds to the 7-A120 3, low 
temperature modification of alumina. (It should be 
noted that in the case of the hot-water hydrolysis 
product this phase appears only at temperatures 
above 450 ~ From XRD patterns 2-4 in Fig. 2, it 
can be seen that transformation of the inhomogeneous 
condensate into 7-A1203 completely terminates at 
500 ~ These results are in agreement with the DTA 
data (not presented in Fig. 4). According to this data, 
the temperature interval of the second endothermic 
effect, which corresponds to the transition of the 
inhomogeneous condensate into 7-alumina, expands 
from 185 up to 500 ~ and has no legible minimum at 
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the DTA-curve. The first endothermic peak at the 
same curve is also broad, explained by the loss of the 
crystallohydrated water by the A1 (OH)3 phase and 
adsorbed water by the A1OOH phase. The loss of 
weight by the inhomogeneous condensate during 
heating up to conversion into y-A1203 is strongly 
dependent on its phase composition. 

As formation of AI(OH)3 occurs at hydrolysis below 
80 ~ a third hydrolysis was carried out at near 0 ~ 
by bidistilled water obtained from melted ice. The 
result of this type of hydrolysis is presented in Fig. 3. 
The only product of the aluminium alkoxide hydroly- 
sis at 0-5 ~ is the well-crystallized AI(OH)3 in the 
gibbsite form. It should be emphasized that the in- 
tensities of the two strongest peaks are reversed above 
50 ~ while values of the interplanar distances corre- 
sponding to these peaks remain constant. The XRD 
pattern 2 belongs to the bayerite structure, i.e., 7-A1 
(OH)3 [6]. From this we can conclude that the gibb- 
site and the bayerite crystal forms differ only in the 
water content in their lattices. 

The same changes in peak intensity are observed in 
the gibbsite phase of the product of room temperature 
hydrolysis. From these observations, we may conclude 
that the gibbsite is a low-temperature modification of 
the bayerite structure. The bayerite is stable in the 
50-300 ~ temperature range, existing as the only phase 
in the case of hydrolysis at 0-5 ~ The XRD analysis 
shows that the bayerite transforms into the first low- 
temperature modification of alumina without creation 
of an intermediate monohydroxide form, (as a single 
form), as would be the case if the water was lost in 
stages, e.g.: 

y-A1 (OH)3--,7-A1OOH + H20 (2) 

The initial oxide phase corresponding to y-Al20 3 
appears in a narrow temperature range, 300-350 ~ 
directly from the trihydroxide, as seen in XRD pattern 
3 (Fig. 3). This is manifested in the broadening of the 
peaks and in the reduction of their number. However, 
formation of the boehmite structure can be identified 
by the observation of new narrow peaks at XRD 
pattern 4, which corresponds to transition state of the 
bayerite. The positions of the narrow peaks are in 
good agreement with that in the boehmite structure. 
Thus these two processes appears to go simulta- 
neously as a chain reaction: 

4T-AI(OH)3--~ [7-A120327-A1OOH] 

+ 5H20---+27-A120 3 + 7HzO (3) 

These results are in agreement with DTA data shown 
in Fig. 4 by curve DTA-2. The loss of weight at the 
first endothermic effect with a minimum at 100 ~ is 

3.3%. According to this result, the crystallohydrate 
form of the bayerite is 7-A1 (OH)'0.15 H20. In the 
temperature range 290-380 ~ C, the second endother- 
mic effect corresponding to the phase transformation 
of the bayerite into 7-alumina is observed. This effect 
is manifested as a twin unresolved endothermic peak 
with minima at 320 and 330 ~ at curve DTA-2. The 
32% weight loss during this process is slightly smaller 
(the same is seen in the case of the boehmite trans- 



TABLE I Interplanar distances (d) and relative intensities ( I i / Imax)  "~ of peak positions at XRD patterns (Fig. 1) 

80-100 ~ 150-400 ~ 550-850 ~ 900-950 ~ 1000-1150 ~ 1200 1300 ~ 

AIOOH y-AIOOH 7-A120 3 6-A120 3 (0 + ~*)-AI20 3 ~-A120 3 

d (nm) I/I (%) d (nm) I/1 (%) d (nm) I/I (%) d (nm) I/1 (%) d (nm) I/1 (%) d (nm) 1/I (%) 

0.632 100 0,614 100 0.609 17 0.450 10 0,450 10 0,343 61 
0.313 61 0.314 91 0.250 33 0.283 41 0.345* 11 0.252 90 
0.234 70 0.233 74 0.246 40 0.271 75 0.281 52 0.235 40 
0.184 82 0.197 13 0.240 50 0.243 54 0.271 98 0.2065 100 
0.176 12 0.184 99 0.231 43 0.224 31 0.253* 31 0.173 44 
0.165 13 0.176 18 0.226 45 0.198 62 0.243 70 0.172 31 
0,144 25 0.166 19 0.196 75 0.194 31 0.237* 24 0.1591 84 
0.143 32 0.144 30 0.152 18 0.154 21 0,230 45 0.1588 55 
0.139 12 0.143 40 0.139 100 0,149 17 0.224 41 0.140 32 
0.138 10 0.130 32 0.145 18 0.207* 14 0.139 19 
0.130 27 0.113 15 0.138 100 0.201 61 0.137 50 
0.113 12 0.198 32 0.136 30 

0.194 16 0.1233 14 
0.190 34 0.1229 12 
0.179 14 
0.160" 14 
0.153 26 
0.150 14 
0.148 15 
0.145 26 
0.142 17 
0,140" 53 
0.138 100 
0.129 17 
0.128 12 

*Bragg reflections with intensities less than 10% are not included in the table. 

TAB L E I I Interplanar distances (d) and relative intensities (Ii/Imax) t of peak positions at XRD patterns (Fig. 3) 

0 5~ 50-300 ~ 450-950 ~ 1000-1100 ~ 1150-1250 ~ 1300 ~ 

A1 (OH)3 y-A1 (OH)3 y-A120 a (6 + 0)-A1203 (0 + cz)-Al203 cz-Al203 

d (nm) I/I (%) d(nm) I/I (%) d (nm) I/I (%) d(nm) I/l  (%) d(nm) I/I (%) d(nm) I/I (%) 

0.467 48 0.471 57 0,446 12 0,660 10 0.446 18 0,343 55 
0.461 97 0,465 100 0.294 17 0,446 17 0.280 57 0.252 82 
0.427 79 0.433 73 0.276 26 0.269 61 0.269 71 0.235 38 
0.317 33 0.318 24 0.250 26 0,253 22 0.253 21 0.2065 100 
0.220 100 0,221 80 0.243 37 0.248 20 0,241 70 0.173 42 
0.171 43 0.171 30 0.240 45 0,241 63 0.230 52 0,159 98 
0.145 17 0.145 11 0.237 62 0.234 25 0.223 39 0.140 34 
0,144 11 0.233 36 0.229 43 0,199 57 0.137 56 
0.133 11 0.196 78 0.224 38 0,194 16 0.1234 13 
0.132 14 0.151 22 0.199 56 0.189 30 0.1230 11 

0.139 100 0.195 23 0.178 13 
0.192 22 0.153 29 
0.190 23 0.147 25 
0.178 12 0,144 31 
0.177 10 0.140 46 
0.153 26 0.138 100 
0.152 19 0.129 13 
0.148 23 0.128 14 
0.144 27 
0.140 100 
0.138 55 
0.128 12 

tBragg reflections with intensities less than 10% are not included in the table. 

f o r m a t i o n )  t h a n  t h a t  r e q u i r e d  a c c o r d i n g  to  the  reac-  

t ion  

2 y - A 1  (OH)3---~7-A120 3 + 3 H 2 0  (4) 

T h e  we igh t  loss  by  the  b o e h m i t e  a n d  baye r i t e  co r res -  

p o n d  s t r ic t ly  to  r e a c t i o n s  (1) a n d  (4) on ly  at  the i r  

t r a n s f o r m a t i o n  in to  the  ~z-A120 3. 

I t  s h o u l d  be e m p h a s i z e d  t h a t  the  p r e h i s t o r y  o f  the  

p h a s e  t r a n s f o r m a t i o n s  i n to  7 - A l 1 0 3  a n d  in to  

a - A 1 2 0  3 are  n o t  the  s a m e  for  y - A 1 O O H  a n d  ~,-AI 
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Figure 4 DTA curves of boehmite (1) and bayerite (2). Rate of 
heating, 7.5 ~ min- 1 

(OH)3. As seen from the XRD data and from the DTA 
analysis, the phase transformation of the boehmite 
into y-alumina is shifted to higher temperatures by 
150~ above that of the bayerite, and 250~ above 
that of the bayerite-boehmite mixture. These phase 
transformations are accompanied not only by the loss 
of water molecules but also by changes in the alumi- 
nium coordination number: 

[A106] (all aluminium hydroxides)--~ [A104] 
(all low-temperature modifications of a!umina)---~ 

[A106] (corundum, 0~-A1203) 

and with structural transformations: 

monoclynic (boehmite bayerite)---~cubic 
(y-A1203)--,tetragonal (6-A1203)---+monoclynic 

(0-A1203)---*trigonal (~-AI20) (5) 

In addition, the boehmite phase transformation into 
y-Al203 strongly differs from that of bayerite. From 
XRD pattern 3 (Fig. 1), corresponding to the temper- 
ature range of the second endothermic effect on the 
DTA-1 curve of Fig. 4, very narrow peaks can be seen 
along with broad reflections of the y-alumina phase. 
This phase, which appears during the formation of the 
phase y-AlzO 3, cannot be attributed reliably to 
known modifications of aluminium hydroxides and 
oxides. It can be proposed that in this transition state 
the layered structure of boehmite undergoes distort- 
ion, which manifests itself in the disappearance of the 
peak with d = 0.614 nm and by shifts in the narrow 
peak positions. The boehmite structure is built from 
the double-folded layers of the [A106] octahedra. 
These layers are connected by the hydrogen bonds. 
The loss of water under heating of the boehmite leads 
to formation of AI-O-A1 bridge bonds. Thus the 
formation of gamma-alumina structure from boeh- 
mite goes through the transition state according to the 
following scheme: 

3y-A1OOH--+y-A120 3 + [I~-A1OOH] + H20 (6) 

From comparative analysis of the XRD patterns for 
aluminium oxides and hydroxides it can be seen that 
the 0.614 nm peak is absent in the diaspore structure, 
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ascribed as [3-A1OOH or AlzO~H20 in [6]. More- 
over, the strongest Bragg reflections of the diaspore 
structure [0.399nm (100%), 0.232nm (56%) and 
0.211 nm (52%)] are similar to those which appear as 
the narrow peaks at XRD pattern 3 (Fig. 3) corres- 
ponding to the boehmite transition state into 
y-AlzO3:0.324nm (100%), 0.231nm (72%) and 
0.199 nm (43%). On the basis of these data we con- 
clude that the transformation of the boehmite into 
y-alumina goes through the formation of a quasidia- 
spore crystal lattice. 

Thus the boehmite, y-A1OOH, and the bayerite, 
y-A1 (OH)3, behave differently during the dehydra- 
tion to y-alumina. However, as our studies have 
shown, both go through a series of low-temperature 
polymorphisms of alumina before transforming into 
corundum, as described earlier. 

Nevertheless, there is a difference between the alum- 
ina polymorphic transformations beginning from the 
y-AI203, obtained from the bayerite and from the 
boehmite. This difference can be explained by the 
diversity in the crystal grain size in both products of 
y-alumina. From the width of peaks on the XRD pat- 
tern 4 presented in Figs 1 and 3, it can be seen that the 
crystal grain size of the y-alumina obtained from the 
y-A1OOH is smaller than those from y-A1 (OH)3. 
One conclusion that can be drawn is that the dispers- 
ity stores information about the precursor's nature. 
The main reason for the observed unreproducibility of 
the thermal effect of the phase transformation into 
corundum (for products obtained by room-tempera- 
ture hydrolysis) appears to be the difference in the 
temperature ranges of polymorphous transformations 
for boehmite and bayerite, due to the diversity in the 
crystal grain size of gamma-alumina produced from 
these sources. Due to this difference, y-A120 3 ob- 
tained from inhomogeneous condensates behaves as a 
two-phase system. This fact manifests itself one more 
time on three last XRD patterns at Fig. 2. From these 
curves we can see that the crystallization of corundum 
in the first phase significantly perturbs the lattice of 
the second phase, 0-AI/O 3. The evidence of this is the 
strong reduction of the peak intensities observed at 
XRD pattern 6. In the next temperature range (see 
XRD pattern 7, Fig. 2) both phases 0-A1103 and 
~-A120 3 are identified again, as we believe, due to the 
relaxation of the system. It is noteworthy that this 
relaxation takes place in the presence of corundum, 
which plays the role of nucleation centres affecting the 
energetics of the ~-A120 3 transformation. It is well 
known, that the addition of such oxides as a-AlzO 3, 
~-FezO3, MgO etc. to y-alumina decreases the tem- 
perature of its conversion into corundum and the 
sintering temperature of.the corundum [9, 10]. The ~- 
alumina transformations of both chemically pure 
forms of the aluminium hydroxides i.e. the boehmite 
and the bayerite, are always accompanied by an ex- 
othermic DTA peak at 1250 _+ 50 ~ as seen in Fig. 4. 
Thus we can conclude that the inhomogeneity of the 
hydrolysis products derived from localized variations 
in temperature during hydrolysis is the main reason 
for the difference in the consequent structural trans- 
formations. 



In these studies, the purity of the precursors pro- 
vides almost full exclusion of cation and anion impu- 
rities. Thus the charge of anionic frames of the alum- 
ina, built from [A104] tetrahedra sharing common 
corners, must be compensated by the positive charge 
provided by H + (H3 O+) or A1 +3 cations. Firstly, this 
situation leads to an increase in the defect concentra- 
tion in the alumina structures. These defects can play 
an important role in the relaxation of stresses, allow- 
ing the production of sufficiently large monolithic 
samples of porous alumina without cracks. Secondly, 
the absence of cations which stabilize low-temperature 
modifications of alumina leads to hindrance of the 
phase transformations at heating. Due to this hin- 
drance, we can observe the sequence of polymorphous 

RO\ /OR ] , IR 
A1 , O 
I 

"O" H+ OH" 

R 

conversions of aluminium oxides and understand the 
reason for the shift of these conversion temperatures 
to higher values. 

The chemical properties of metal alkoxides are 
determined by the nature of the metals and organic 

RO k 

There are at least three channels of further reac- 
tions. The first channel is the reverse reaction; the 
second and third channels are the formation of the 
aluminium monohydroxide, A1OOH and trihydrox- 
ide, A1 (OH)a, bonding to hot- and cold-water hy- 
drolysis. The next step in structural evolution, in the 
case of hot-water hydrolysis, involves the removal of 
organics as alcohol molecules. This process, due to an 
increase of a positive charge at the aluminium atom, 
leads to the creation of more stable complex. Such an 
increase in positive charge at the A1 atom promotes 
strengthening of the aluminium-oxygen bonds by 
shifting the electron density to the A1 atom. A signific- 
ant increase in positive charge at the carbon atom 
connected to the alkyl groups occurs: 

o 

"] * * ~.-'.N CH3 CH 3 

 --oR]oH - - - - +  " R k ..6" 

CH3 

OH- 

(8) 

This allows O H -  groups to attack the carbon atom 
possessing a positive charge. As a result of this action, 
the next ester group splits away and the strongest 
aluminium-oxygen bond (A1 = O) is formed. This 
splitting occurs via cleavage of the oxygen-carbon 
bond according to the following scheme: 

r . . . .  "9 ] 
O-a-R OH , - - R O - - A I ~ O  + ROH (9) 

L . . . .  . - a  

groups (R). In the aluminium alkoxides A1 (OR)3 used 
in these experiments, the alkyl groups were R = 
C3H~7, C4H~ and C4H ~. In these compounds,' A1-O 

The splitting of the third ester group may go 
through two competitive channels, which cannot 
change the final product: 

RO--AI~---OH + HzO 

bonds are essentially covalent due to the large + J 
inductive effect of alkyl groups, aluminium possibly 
exhibiting amphoteric properties. In addition, the pos- 
itive charge of a relatively small aluminium atom is 
shielded by organic groups, thus hindering the nu- 
cleophylic attack of O H -  ions. It is likely that alumi- 
nium alkoxide hydrolysis is initiated by a proton 
attack on the lone electron pairs of oxygen in OR 
groups, according to the following equation: 

RO OR 
\ / 
M 
I 

OR 

+ H 2 0  

RO OR ] 
\ / 
A1 I + 

:O"  H 

R 

t + 

H R - - O - - A I ~ O  , HO--AI~O + ROH[ 
(I) "" 

/ 

OH- (H) (10) 

In contrast to the high reaction rates of hot-water 
hydrolysis, cold-water hydrolysis goes very slowly. 
Moreover, in water at O ~ the dissociation constant 
is about 100 times lower than for water at 90 ~ Also, 
with cold-water hydrolysis both reactions (I and II) 
probably occur almost simultaneously. The first pro- 
cess is the electrophylic attack of H § on the lone 
electron pairs of oxygen, and the second is the nu- 
cleophylic attack of O H -  groups on the A1 atom. 

OH- 
O) 

2811 



These two competitive processes can be shown by the 
following scheme: 

AI(OR)3 + H20 

0 H OH 

RO OR 
\ / 
A1 

ROH +/ ~OH 

/ 

RO--M--OR + I ROH 
I 

OH 

As can be seen from Equation 11 the hydrolysis of 
the aluminium alkoxides by cold water occurs as a 
chain of the consequent replacement of alkyl groups 
by OH groups. However, alcohol remains in the reac: 
tion environment during the hydrolysis process and 
slows this reaction. It should be noted that the cre- 
ation of the AI-OH bond, even at low temperatures, is 
thermodynamically preferable to the AI-OR bond. 
Thus each OR group of precursors is replaced step-by- 
step by the OH- group of water with formation of the 
A1 (OH)3.  

4. Conclusions 
From this study we can conclude that the main reason 
for the observed unreproducibility in the thermal 
effect of phase transformation into corundum, in the 
case of room-temperature hydrolysis, appears to be 
the inhomogeneous obtained condensate. In this con- 
densate there are phases of boehmite and bayerite 
which give y-A1203 with different dispersity. Due to 
this difference, the y-alumina behaves as a two-phase 
system. For these two phases there is a difference in 
the temperature intervals of polymorphous trans- 
formations. The thermal effect under phase trans- 
formation into corundum strongly depends on the 
phase composition of the hydrolysis product. As the 
hydrolysis reaction is exothermic and the uniformity is 
mixing-dependent, localized variations in temperature 
occur. The ~ A1203 transformations of the bayerite 
and boehmite pure forms always occur with exother- 
mic effects. 

(11) 
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